The crude wax obtained from the chloroform extract of the human type of tubercle bacillus, Strain H-37, yielded on purification, as described in a former paper (l), two fractions; viz., a white solid substance designated as purified wax and a soft yellowish salve-like mass which was called soft wax.
The present report deals with the analysis of the latter fraction.
The work is far from complete and several constituents have not been identified. Our attention has been chiefly focused upon the nature of the fatty acids that were liberated on saponification, but incidentally some facts regarding other constituents have been observed and recorded.
The water-soluble constituents, after saponification, contained only traces of reducing sugars and only a small amount of a syrupy substance was isolated, which probably consisted of glycerol since it gave a distinct acrolein reaction when heated with acid potassium sulfake.
The ether-soluble components were found to consist of a small amount of a neutral perfume-like substance, a small quantity of unsaponifiable wax similar to that obtained from the purified wax (I), and a large percentage of true fatty acids.
The fatty acids were separated by means of the lead soapether method according to the Gusserow-Varrentrapp (2, 3) pro-Lipoids of Tubercle Bacilli.
VII cedure into solid and liquid acids. The small amount of solid saturated acids thus obtained was apparently a mixture composed principally of palmitic and stearic acids.
The liquid acids had an iodine number of 33.5 but after catalytic reduction with hydrogen and platinum oxide (4) only a very small amount of the reduced saturated acid could be isolated.
It is probable, therefore, that very highly unsaturated fatty acids are present.
Moreover, it was of interest to find that the reduced acid was not homogeneous but could be separated by crystallization from acetone into two fractions.
The top fraction melted at 8W323, while the more soluble portion of the reduced acid had approximately the melting point of stearic acid. This observation would indicate that at least two unsaturated fatty acids are present in this lipoid fraction.
What we regard as a matter of particular interest was the isolation of a liquid saturated optically active fatty acid of high molecular weight which was obtained from the ether-soluble lead soap after the catalytic reduction of the unsaturated acids. The substance is analogous to phthioic acid (5) and it is present in relatively large amount, constituting the principal fatty acid in the soft wax.
It was obtained as a faintly yellow oil which solidified when cooled and then melted at 22.5".
When the acid was allowed to stand for a longer time at room temperature a portion of it separated in semicrystalline aggregates. It is probable, therefore, that it represents a mixture of tuberculostearic acid and phthioic acid similar to that obtained from the acetonesoluble fat (6) . This fraction of the liquid saturated acids has been studied in Dr. Sabin's laboratory and it has been found to possess biological properties analogous to those of phthioic acid.
As judged by the cleavage products obtained in this analysis it would seem as if the soft wax corresponds in composition more nearly to a complex glyceride than to a wax.
In fact the only waxlike substance observed either in the purified wax or in the fraction at present under examination is the material designated as unsaponifiable wax.
The unsaponifiable wax possesses, however, peculiar properties.
It contains apparently at least one free carboxy1 group since it has acid properties and forms salts.
It must also contain at least one free hydroxyl group because it forms an acetyl derivative.
Further work will be necessary before one can determine whether the substance is a wax or a more highly complex body. All of the lipoid fractions isolated from the human type of tubercle bacilli, Strain H-37, have now been subjected to a preliminary analysis and the cleavage products have been determined.
All of these fractions have been found to contain very similar fatty acids which may be classified under three groups: (a) solid saturated fatty acids such as palmitic, stearic, and cerotic acids, (b) liquid unsaturated acids such as oleic and linoleic acids, (c) liquid saturated optically active acids such as tuberculostearic and phthioic acids.
From a chemical point of view the outstanding interest in these studies is the isolation of a series of new saturated fatty acids of high molecular weight which are either liquid at room temperature or are low melting solids and which are optically active.
The optically active acid has been named phthioic acid and it posesses important biological properties. It has been shown by the experiments conducted by Drs. Sabin, Doan, and Forknerl at the Rockefeller Institute that the biological activity of the lipoids of tubercle bacilli can be duplicated by the phthioic acid alone. The substance is therefore regarded as a maturation factor for monocytes and epithelioid cells.
EXPERIMENTAL.
The soft wax used in these experiments had been isolated from the mother liquor after purification of the crude tubercle bacillus wax as described in a former paper (1) and the material had been kept in an atmosphere of carbon dioxide until it was analyzed. The substance formed a yellowish brown salve-like mass at room temperature and it possessed a slight but agreeable perfume-like odor.
On analysis it was found to contain merely a trace of nitrogen and only 0.08 per cent of phosphorus.
The phosphorus content would indicate a very slight contamination of phosphatides. When tested by the Hanus method, the iodine number was 32.1.
1 The results of these biological studies will be published shortly by these investigators.
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VII Ilydrolysis by Means of Alcohol and Hydrochloric Acid2
In order to determine the nature and amount of the watersoluble constituents a preliminary hydrolysis of the soft wax was carried out as follows: 25 gm. of material, dissolved in a little ether, were refluxed with 350 cc. of alcoholcontaining 20 cc. of concentrated hydrochloric acid. The material liquefied in the hot alcohol without dissolving and the color gradually darkened.
After refluxing for 13 hours the mixture was allowed to cool, when the oily substance solidified, forming a wax-like cake of dark brown color. About one-half of the alcohol was distilled off and the residue was diluted with water and extracted with ether. The ethereal solution was washed with water, filtered, and evaporated to dryness. The residue, after drying in a vacuum desiccator, formed a dark brown soft solid which weighed 24.5 gm.
~xami?zation of the Aqueous Solution.
'l'hc aqueous solution and the washings mentioned above were combined, conccntratcd, and examined for water-soluble constituents.
An aliquot was dried, when a syrupy residue was obtained which was equiva!cnt to about 1 gm. of solids in the total solution.
The solution contained a trace of reducing sugar and very small amounts of phosphoric and glycerophosphoric acids. The solution was evaporated to dryness in zracuo and the bulk of the hydrochloric acid was removed by evaporating several times with the addition of absolute alcohol.
The residue was dissolved in water and neutralized with barium hydroxide. The barium phosphate was filtered off and the barium glycerophosphate was precipitated in the filtrate b.y adding alcohol and removed by centrifuging.
The solution was then concentrated to dryness in I;acuo and the residue was extracted with absolute alcohol. The alcoholic solution was evaporated to dryness, when a small amount of a syrupy residue was obtained.
When some of this syrup was heated with acid potassium sulfate the odor of acrolein was noticeable, indicating the probable presence of glycerol.
The analytical data detailed above show clearly that the acid-* During the hydrolysis and throughout these experiments air was displaced as far as possible by the use of carbon dioxide.
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The small quantities of phosphoric and 'glycerophosphoric acids that were detected were probably derived, as already suggested, from a slight contamination of phosphatide.
As judged by the acrolein test the principal water-soluble component was apparently glycerol. These facts show that the composition of the soft wax is decidedly different from that of the previously analyzed purified wax.
Saponification of Fat Recovered after Acid-Alcohol Hydrolysis.
The fat which was recovered after the acid-alcohol hydrolysis, 24.5 gm., was saponified by refluxing for 3 hours with 250 cc. of 5 per cent alcoholic potassium hydroxide.
The material did not dissolve completely but some oily drops remained suspended in the alkaline solution and the color turned very dark.
About one-half of the alcohol was distilled off and the solution was diluted with 400 cc. of water, when the oily material dissolved.
The alkaline solution was extracted several times with ether, when severe emulsions formed which retained nearly all of the coloring matter. The ethereal extract was treated as will be described later.
Examination of the Alkaline Aqueous Solution.
The aqueous solution was acidified with hydrochloric acid and extracted with ether. The ethereal solution was washed with water, filtered, and evaporated to dryness.
The dark brown residue which remained weighed only about 0.1 gm. It is evident, thercforc, that practically all of the ether-soluble material including fatty acids had passed into the ethereal emulsion.
The acidified aqueous solution was concentrated to dryness in vacua and the residue was extracted with absolute alcohol. The alcoholic solution was evaporated to dryness and the residue was again extracted with alcohol. The filtered extract was evaporat,ed to dryness when a small amount of a syrupy residue was obtained.
A sample of the syrup was heated with acid potassium sulfate, when the odor of acrolein was produced,indieating the presence of glycerol.
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The ethereal solution formed persistent emulsions on shaking with water but a partial separation was effected by adding potassium hydroxide a.nd a large quantity of water and allowing the mixture to stand for several hours. The clear ethereal layer was then separated, washed with water, filtered, and the ether was distilled.
After the residue had been dried, a brown semicrystalline solid remained that possessed a pleasant perfume-like odor. The substance weighed 1.7 gm.
The emulsified bottom layer, after the separation mentioned above, was acidified with hydrochloric acid and the mixture was extracted with ether.
The ethereal extract was washed with water, filtered, and the ether distilled.
The residue after it had been dried in vacua formed a dark brown semicrystalline solid that weighed 20.6 gm.
Separation of Unsaponijiable Wax.
The material mentioned above was dissolved in 200 cc. of hot acetone and as the solution cooled nearly colorless fine globular particles separated.
The precipitate was filtered off, washed with cold acetone, and reprecipitated a second time from hot acetone by cooling.
The substance was then dissolved in 30 cc. of warm ether, 50 cc. of acetone were added, and the solution was cooled in ice water, when a precipitate separated which consisted of colorless fine globular particles.
After the substance had been filtered off, washed with cold acetone, and dried, it formed a white amorphous powder that weighed 3.7 gm.
The substance was readily soluble in ether, chloroform, or in benzene but it was very slightly soluble in cold alcohol or acetone. For instance the last ether-acetone mother liquors ment'ioned above contained only 0.3 gm. of a wax-like residue.
It dissolved more readily in hot alcohol or in hot acetone, but when these solutions were allowed to cool the substance did not separate in crystalline form but only fine globular particles were observed. The substance gave no coloration whatever in the LiebermannBurchard reaction and in chloroform solution no bromine was absorbed.
It is evident, therefore, that the substance was a saturated compound and that it did not contain any sterols.
Heated in a capillary tube the substance began to sinter at 57-58" and it melted at 68-69". In chloroform solution the substance was optically inactive. Acetyl Derivative.-1 gm. of the substance was refluxedfor 3 hours with 50 cc. of acetic anhydride.
The reaction product was isolated and precipitated from a solution in ether and acetone by cooling in ice water, when a white amorphous nowder was obtaincd which melted at 64-65".
This product was saponified by refluxing with alcoholic potassium hydroxide, the alcohol was evaporated, and the residue was acidified with dilute phosphoric acid and then distilled, with the addition of water, until the distillate was practically neutral.
The amount of volatile acid in the distillate, calculated as acetic acid, amounted to 4.23 per cent.
Although this substance is probably not homogeneous, its composition and properties resemble those of the so called unsaponifiable wax previously isolated from the purified wax.
Examination of the Fatty Acids.
The first two acetone mother liquors, after the substance described above was separated, were united and evaporated to dryness.
The residue was a dark brown oil which solidified on cooling and which weighed 16.6 gm.
It was dissolved in 100 cc. of warm alcohol, neutralized with potassium hydroxide, diluted with water, and precipitated with an excess of lead acetate.
The lead soaps were treated with ether and the insoluble portion was separated and washed with ether. The lead soaps were decomposed by shaking with dilute hydrochloric acid and the fatty acids were isolated in the usual manner.
The ether-soluble lead soap yielded 12.8 gm. of a yellowish brown oil consisting of liquid fatty acids, and the ether-insoluble lead soap gave 3.7 gm. of a white solid crystalline fatty acid.
Liquid Fatty Acids.
Isolation of Liquid Saturated Fatty Acid Analogous to Phthioic Acid.
The iodine number of the liquid fatty acids determined by the Hanus method was 33.5. In order to remove the unsaturated fatty acid the mixture was reduced with hydrogen and platinum oxide and the reduction product was separated by repeating the lead soap-ether treatment in the same manner as described for the isolation of phthioic acid (5) .
The liquid saturated fatty acid isolated from the ether-soluble lead salt after reduction was a light yellow oil. Unfortunately some of the acid was lost when a flask broke, but the portion that was saved weighed 9.8 gm. The acid was decolorized in alcoholic solution by treatment with norit.
The oil solidified on cooling and melted at 22.5". On longer standing at room temperature a portion of the substance separated in semicrystalline globular aggregates. The acid was saturated because in chloroform solution there was no visible absorption of bromine.
Titration.-0.3424 gm. of acid dissolved in 50 cc. of neutral alcohol required 8.06 cc. of 0.1 N alcoholic KOH, with phenolphthalein as indicator.
Molecular weight found, 424. Rotation.-1.1852 gm. of acid dissolved in alcohol and made up to 10 cc. gave in a 1 dm. tube a reading of +0.576" at 23"; hence [c@ = f4.85". The acid is evidently a mixture, probably consisting mainly of tuberculostearic and phthioic acids, and is similar to the mixture obtained from the acetone-soluble fat.
When a sample of this acid was tested in Dr. Sabin's laboratory it was found to possess biological properties similar to those of phthioic acid.
Reduced Acid.
The acid contained in the ether-insoluble lead salt, after the catalytic reduction, was liberated and isolated in the usual manner. It was a colorless crystalline solid which weighed only 0.3 gm. The substance was recrystallized, five times from acetone and once from methyl alcohol, when a few mg. of colorless crystals were obtained.
The substance melted at 79-80°, solidified at 78", and remelted at 79-80".
The mother liquors were concentrated to dryness and the residue was dissolved in 10 cc. of methyl alcohol, treated with norit, and filtered.
The solution, on cooling in ice water, deposited a small amount of show-white crystals which were filtered, washed with cold methyl alcohol, and dried in UCXUO. This fraction of the reduced acid melted at 67-68', solidified at 62', and remelt,ed at 67-68'.
It is probable that this acid consisted largely of stearic acid.
While we have reduced a large number of unsaturated fatty acids isolated from various fractions of the lipoids of tubercle bacilli, this is the first time that we have ever obtained any reduced acid which possessed a higher melting point than that of stearic acid. The amount of the high melting reduction product, obtained in this case was too small to permit the determination of the molecular weight or the composition.
The melting point, about 80°, would indicate, however, that the substance is probably behenic acid, which would have been formed by the reduction of erucic acid.
In view of the small quantity of reduced acids that was obtained one must conclude that the original mixture of liquid acids contained very highly unsaturated fatty acids. Solid Saturated Fatty Acids.
As has been mentioned earlier the ether-insoluble lead soap from the original mixture of fatty acids yielded 3.7 gm. of a white crystalline solid. The substance was recrystallized three times from acetone, when a snow-white product was obtained that weighed 1.4 gm. It melted at 56-57", solidified at 54", and remelted at 56-57".
WThen titrated in alcoholic solution with 0.1 N alcoholic KOH, phenolphthalein being used as indicator, the molecular weights found were 291 and 293.
A second fraction of the acid, isolated from the mother liquor, also melted at 56-57" and on titration the value found for the molecular weight was 282.
The low melting point of these fractions together with the high molecular weight would indicate that a mixture of fatty acids is Lipoids of Tubercle Bacilli. VII present and that one of the constituents must have a higher molecular weight than stearic a.cid. A complete separation and identification of the acids present would require a much larger quantity of material than is now available.
A second analysis was made of the soft wax with 45.6 gm. of material and the following cleavage products were recovered: The soft wax in this analysis was saponified directly by refluxing with alcoholic potassium hydroxide.
The substance designated unsaponifiable wax remained as an insoluble oil in the hot saponification mixture and it solidified to a wax-like cake tihen the solution was cooled. The alcoholic solution was decanted and the insoluble residue in the flask was treated several times with boiling alcoholic potassium hydroxide. The insoluble material, which evidently represented a potassium salt of the unsaponifiable wax, was warmed with dilute hydrochloric acid and extracted with ether.
On evaporation of the ether a residue remained which was purified by several precipitations from ether-acetone solution until a pure white amorphous powder was obtained.
The substance corresponded entirely in composition and properties with the unsaponifiable wax which was isolated in the first analysis.
The melting point was 68-69' and on combustion the following composition was found, C 80.36, H 13.64 per cent.
The alcoholic solution, after the unsaponifiable wax had been removed, was concentrated, diluted with water, and extracted with ether.
The ethereal extract yielded on concentration a soft brown mass which possessed a very agreeable odor and which has been designated as a neutral perfume-like substance.
Lack of time has prevented any examination of this material.
The alkaline solution was acidified with hydrochloric acid and the fatty acids were extracted with ether, after which the aqueous solution was concentrated to dryness under reduced pressure.
The residue was evaporated several times with absolute alcohol and finally it was extracted with alcohol. The alcoholic extract was evaporated to dryness in vacua and the residue was again extracted with alcohol.
The filtered extract, on evaporation to dryness in vacua, left a thick dark colored syrup which weighed 2.5 gm. When some of this syrup was heated with acid potassium sulfate, the odor of acrolein became noticeable.
The crude fatty acids were separated into solid and liquid acids by means of t,he lead soap-ether treatment.
The solid fatty acid obtained from the ether-insoluble lead soap weighed 4.7 gm. It was purified by several recrystallizations from acetone and from methyl alcohol, yielding snow-white crystals.
The melting point, 56-57", was the same as that found for the corresponding acid previously described.
The liquid fatty acids were reduced with hydrogen and platinum oxide and the reduction products were separated by means of the lead soap-ether treatment.
The reduced acid weighed 0.9 gm. and by recrystallizations from acetone was separated into two fractions.
The top fraction, amounting only to a few mg. of snowwhite crystals, melted at 82-83', solidified at 80", and remelted at 81-82O. A second fraction of the reduced acid was isolated from the mother liquor which melted at 65-66'.
The liquid saturated fatty acid, analogous to phthioic acid, was isolated from the ether-soluble lead soap. It formed a light yellow thick oil which partly solidified on standing at room temperature and it weighed 21.5 gm.
Titration.-0.2560 gm. of substance dissolved in 50 cc. of neutral alcohol required 6.66 cc. of 0.1 N alcoholic KOH, with phenolphthalein as indicator.
Molecular weight found, 384. It is evident from the data recorded above that the quantities and the properties of the cleavage products of the soft wax as determined in the second analysis are essentially similar to those described in the earlier portion of this paper.
